We compared hemodynamic responses and upper airway morbidity following tracheal intubation via conventional laryngoscopy or intubating laryngeal mask airway in hypertensive patients.
INTRODUCTION
The pressor response to laryngoscopy and intubation is a sympathetic reflex that is provoked by stimulation of the oro-laryngopharynx. Although the corresponding increases in blood pressure and heart rate are transitory and variable, they are more pronounced and unpredictable in hypertensive patients following laryngoscopy. Consequently, life-threatening complications may develop in these patients, such as pulmonary edema, cerebrovascular hemorrhage, and myocardial infarction (1) . Hypertensive patients have increased activity of the sympathetic nervous system and may exhibit an exaggerated hemodynamic response to the induction of anesthesia compared with normotensive patients (2, 3) . Marked increases in catecholamine concentration and in the sensitivity of peripheral vessels to catecholamines in these patients have been reported (4) . Thus, undesirable hemodynamic responses to intubation should be reduced via different intubation techniques or pharmacological agents.
The intubating laryngeal mask airway (ILMA) is a device used for blindly introducing a tracheal tube. Because it does not require direct exposure of the larynx, tracheal intubation via an ILMA may be less stimulating than conventional laryngoscopy (CL). The cardiovascular effect of inserting a laryngeal mask airway (LMA) has been shown to be similar to that of establishing an oropharyngeal airway and to be less than the effect resulting from a tracheal intubation (5, 6) . However, the ILMA may exert pressure against the pharyngeal mucosa and may increase airway morbidity because of its rigid silicone-coated steel tube.
To our knowledge, especially in hypertensive patients, no study has been performed to compare the ILMA and CL techniques with respect to the rate pressure product (RPP), ST segment changes and upper airway morbidity following tracheal intubation. As the RPP is an index of myocardial oxygen consumption, higher RPP values together with ST changes may be early warning signals for myocardial ischemia or infarction in hypertensive patients. Airway tissues may be more vulnerable to mechanical damage and pressure from endotracheal intubation in hypertensive patients (7) . Hypertension is associated with atherosclerotic changes in the arterial vasculature and microcirculatory insufficiency of the laryngeal nerves (7) .
Therefore, we conducted a prospective, randomized study to assess hemodynamic responses to tracheal intubation using CL or an ILMA in hypertensive patients. Included in the study were analyses of the RPP index, the ST segment changes and upper airway morbidity.
MATERIALS AND METHODS
We obtained institutional ethics committee approval and written informed consent from the study participants. We examined 42 patients with controlled hypertension (ASA physical status II) who were scheduled for elective ophthalmic surgery under general anesthesia requiring tracheal intubation. The patients were divided into two groups using a sealed envelope technique. The groups consisted of ILMA (n = 21) and CL (n = 21) groups. The general exclusion criteria were ages of ,18 yr or .65 yr; a history of serious pulmonary, coronary artery, or cervical spine disease; a history of difficult intubation; gastroesophageal reflux; oto-laryngologic surgery or neurosurgery. Prior to the surgery, all of the patients were evaluated by cardiologists to optimize their antihypertensive treatment and to determine whether other cardiac problems existed. All of the patients received their antihypertensive medication, including diuretics, beta-blockers, calcium channel blockers, or angiotensin-converting enzyme inhibitors (ACEIs) approximately 2 h prior to anesthesia induction. In addition, diazepam (10 mg) PO and famotidine (40 mg) PO were administered 2 h prior to the surgery.
Mallampati scores, thyromental distances, and sternomental distances were measured prior to the surgery, and the type of antihypertensive medications used by the patients were recorded. An electrocardiograph (ECG) capable of automatic ST-segment analysis, a pulse oximeter, and a noninvasive blood pressure monitor were used in the operating room. The baseline values of the aforementioned hemodynamic parameters were recorded following a stabilization period of 3-5 minutes. The patients were in the supine position. Oxygen was administered via a face-mask for 3 min. Lidocaine (0.5 mg.kg -1 ) was given i.v. to reduce propofol injection pain. Anesthesia was induced with 2-3 mg.kg -1 propofol and 1 mg.kg -1 fentanyl and was maintained with 2% sevoflurane in oxygen and 66% nitrous oxide. Muscle relaxation was achieved using 0.2 mg.kg -1 cis-atracurium administered via i.v. The orotracheal intubation was performed when the train-of-four (TOF) count was zero.
A standardized hemodynamic management protocol was used during induction. Any hypotension (systolic blood pressure,80 mmHg) was treated with volume replacement and ephedrine as indicated; persistent hypertension (systolic blood pressure.160 mmHg lasting more than one minute) was treated with i.v. nitroglycerin; tachycardia (HR.120 beats.min -1 ) was treated with boluses of 30 mg esmolol iv; and bradycardia (HR,50 beats?min -1 ) was treated with 0.5 mg atropine i.v.
All of the tracheal intubations were performed by skilled anesthesiologists using one of the two intubation techniques. Well-lubricated silicone tracheal tubes with internal diameters of 7.5 and 7.0 mm were used for male and female patients, respectively. In the CL group, tracheal intubation was performed with a size 3 Macintosh laryngoscope. In the ILMA group, an ILMA was inserted using a single-handed rotational technique. A size 3 ILM was used for patients ,60 kg, a size 4 ILM was used for patients 60-80 kg, and a size 5 ILM was used for patients .80 kg in weight. The cuff was inflated with air (size 3, 20 mL; size 4, 30 mL; and size 5, 40 mL), and an anesthesia circuit was connected. The position of the ILMA was adjusted until optimal ventilation was obtained. This position was maintained by firmly holding the handle. The tracheal tube was inserted through the ILMA and advanced to 8-9 cm beyond the epiglottic elevating bar if no resistance was felt. If resistance was felt through the tracheal tube, the ILM was readjusted in the patient's mouth prior to the second attempt of tracheal tube insertion. If tracheal intubation was unsuccessful during the second attempt, either the ILMA was withdrawn 1.5-2.0 cm or the size of the ILMA was changed. The ILMA was removed from the pharynx following successful intubation. In both groups, failed intubation was defined as a procedure lasting more than 3 min. Successful intubation was confirmed using capnography. In the CL group, face-mask ventilation was permitted between attempts if required. In the ILMA group, ventilation using the ILMA was permitted between attempts if required.
The following data were recorded by an unblinded observer: grade of face mask ventilation (easy, moderate, difficult, failed); number of intubation attempts (a failed attempt was defined as removal of the tracheal tube from the oral cavity or the ILM); intubation time (from insertion of the intubation device to capnographic confirmation); and intraoperative complications, namely: a -esophageal intubation (lack of a capnography trace following tracheal tube insertion), b -mucosal bleeding (blood detected on the intubation device following use), c -lip or dental injury (laceration), and d -episodes of hypoxia during intubation (SpO 2 ,95%).
The noninvasive blood pressure measurement, heart rate, and ST segment changes (degree of elevation or depression) were recorded preoperatively, immediately preintubation, and every minute for the first 5 min following successful intubation. The heart rate and systolic blood pressure were multiplied to determine the RPP. This value was used for further analysis of the intubation-induced stress response. All of the hemodynamic data were stored in the monitor's memory and were verified by other anesthesiologists, thereby reducing bias and error.
Routine monitoring was performed using a Siemens SC 7000 Monitor (Siemens Medical Systems, Denvers, MA, US) and by observing the II and V5 ECG leads. ECG-detected episodes of ischemia were defined as reversible ST segment changes lasting at least 1 min and involving a shift from baseline of either a 1-mm ST depression or a 1-mm ST elevation at the J point. ST segment depression was measured 60 ms following the J point. The baseline level of the ST segment was defined as its position during a stable preoperative period, and the maximal ST change from baseline was determined for each episode.
Postoperative airway complications (sore throat, hoarseness, dysphagia, and cough) were assessed by a blinded investigator 24 h following the surgery. All of the complications were graded on an established four-point scale (8) .
Statistical Analysis
A power analysis based on a previous article (2) indicated that a sample size of 21 patients per group was required to achieve a power of 80%, to obtain an alpha of 0.05 and to detect a 2300 mmHg.beat.min -1 difference with a standard deviation of 2600 mmHg.beat.min 21 in the RPP. All of the data were analyzed using SPSS 16.0 software (SPSS Inc, Chicago, Ill, USA). The descriptive data were analyzed using a factorial analysis of variance. Heart rate, blood pressure, and RPP values were examined using analysis of variance repeated measures. Pair-wise comparisons of the mean values were assessed using the Bonferroni-Dunn test. The Kruskal-Wallis test was used for the scored data. The Pearson correlation and the Spearman rank correlation were used to determine the relationship between the degree of change of the hemodynamic variables and the intubation time and number of intubation attempts, respectively. The data are presented as the mean ¡ SD unless otherwise noted. p,0.05 was considered statistically significant.
RESULTS
Forty-two hypertensive patients were enrolled in this study. There were no significant differences between the groups with respect to demographic characteristics, airway features or concurrent medications (Table 1) . Face-mask ventilation was graded as easy and moderate for all patients.
There was no difference in the number of intubation attempts between the groups, but intubation time was shorter in the CL group than in the ILMA group (p,0.001, Table 1 ).
The hemodynamic data are presented in Table 2 . No significant differences were observed between the groups with respect to heart rate (HR) or blood pressure (BP) values prior to anesthetic induction and insertion of the device. Following the induction of anesthesia, the systolic blood pressure (SBP) and diastolic blood pressure (DBP) decreased to a similar extent in both groups, but HR did not change relative to baseline values. Significant increases in HR were observed only at 1 min following intubation in the CL group relative to baseline values (p,0.05). In the ILMA group, the HR values at 1, 2, and 3 min following intubation were significantly increased compared to baseline values (p,0.05). There were no differences in HR measurements between the groups.
SBP measurements in the ILMA group were significantly higher than for the CL group at 1 and 2 min following intubation (p,0.05). DBP measurements in the ILMA group were also significantly higher than in the CL group at 1 and 2 min following intubation (p,0.01 and p,0.05, respectively).
The RPP values in the ILMA group were greater than those for the CL group at 1 and 2 min following intubation (p,0.05). There were no differences in SpO 2 values between the groups at any time point. None of the patients developed hypoxia (SpO 2 #95%).
A clinically significant ST change (-1.0-mm depression) was observed in only 1 patient in the CL group, whereas no significant ST changes were observed in the ILMA group. The patient who exhibited a significant ST change was 42 years old and had been treated with a diuretic and a calcium channel blocker preoperatively.
For eight patients in the CL group and 16 patients in the ILMA group, automated ST segment trend analyses revealed ST depression. Nine patients in the CL group and five patients of the ILMA group exhibited ST elevations. There were no differences between the groups with respect to the number of cases of ST depression or elevation The number and type of intraoperative and postoperative airway complications were similar between the groups (Table 3) .
Ten patients in the ILMA group and five patients in the CL group were treated for hypertension with i.v. nitroglycerin. None of the patients developed severe bradycardia (HR#50 bpm), hypotension (SBP#80 mmHg), or adverse events (persistent, significant myocardial ischemia, or infarction) during the observation period.
DISCUSSION
The results of this study are important for hypertensive patients with normal airways. Our study demonstrated that hemodynamic responses to intubation with CL are accompanied by a smaller increase in blood pressure and RPP at 1 and 2 min following intubation than with the ILMA method. Although blood pressures and RPPs increased following intubation in our study, the maximum ST changes compared with baseline values were not significant between the groups. Our results demonstrate that intense and repeated oropharyngeal and tracheal stimulation by an ILMA induces greater pressor responses than does stimulation by laryngoscopy in hypertensive patients.
Normally, orotracheal intubation using a laryngoscope requires elevation of the epiglottis and exposure of the glottis. These maneuvers can cause significant pressor and tachycardiac responses by enhancing sympathetic activity. Although these are only transient cardiovascular stress responses, they may lead to pulmonary edema, intracranial hemorrhage, and myocardial infarction in hypertensive patients (1) .
ILMA-guided orotracheal intubation has some advantages because this procedure does not distort the base of the tongue or directly stimulate the receptors in the larynx. Theoretically, ILMA-guided orotracheal intubation may produce less adverse cardiovascular stress responses. However, there is a controversy as to whether an ILMA significantly attenuates hemodynamic changes following tracheal intubation when compared with the CL technique (9, 10) .
In a trial by Kihara et al., (9) the hemodynamic response to direct laryngoscopy (DL) was compared with an ILMA and a lightwand device in groups of normotensive and hypertensive patients. The authors concluded that the ILMA attenuated the stress response to tracheal intubation compared with the DL in the hypertensive group. Another study comparing hemodynamic responses to CL and ILMA by Choyce et al. (11) demonstrated that delayed removal of the ILMA was associated with a second pressor response and did not support the use of an ILMA over a direct laryngoscopy purely to decrease the response to intubation. Increases in hemodynamic parameters may be associated with direct tracheal stimulation by a tracheal tube rather than oropharyngeal stimulation.
In contrast to our expectations and theoretical knowledge, the ILMA-guided intubation failed to attenuate the increases in blood pressure and RPP following intubation in our study. Moreover, this technique resulted in higher pressor responses, which is inconsistent with the results of other studies (9, 12) .
It is likely that our contrasting results are related to factors such as the duration and applied force during intubation. The ILMA technique required a significantly longer duration (approximately three-fold) for intubation than CL, which is associated with the three-stage process of ILMA placement, intubation, and removal. The longer apnea duration and repeated airway manipulation may have enhanced the hemodynamic responses. In addition, when compared with CL, ILMA-guided orotracheal intubation may impose a greater pressure on the oropharyngeal structures, even exceeding the capillary perfusion pressure of the pharyngeal structures, thus resulting in greater stimuli to the local structures (13) . During intubation, moving the ILMA and lifting the epiglottic elevating bar of the ILMA may cause additional stimuli to the oropharyngeal structures. A mechanical stimulus to the supralaryngeal area, which is rich in nociceptive receptors, can cause strong hemodynamic responses (14) . Finally, removal of the ILMA produces more significant hemodynamic responses, compared to CL, and using the stabilizing rod to advance the tracheal tube may result in greater stimulation of the tracheal wall (15) . As we removed the ILMA from the pharynx immediately following successful intubation, the removal of the ILMA may have induced a greater pressor response than CL.
It has been reported that a single 1-min episode of myocardial ischemia, as detected by a 1-mm ST depression -54 or elevation on the ECG, increases the risk for cardiac events 10-fold and the risk of death 2-fold (16). Laryngoscopy and intubation may trigger ST changes due to pressor responses. In our study, a clinically significant ST change was observed in only one patient, who was in the CL group. The maximum ST changes compared with baseline values were not significant between the groups. Theodoraki (17) noted that hemodynamic responses to laryngoscopy and tracheal intubation were not associated with ischemia as assessed by ST-segment monitoring. Our results are consistent with those of her study. We believe that our commercial ST software has moderate sensitivity and specificity in terms of accurately detecting ST segment changes when compared with Holter monitors. Considering this degree of accuracy, ST segment changes in our study were not accompanied by significant increases in SBP or RPP. Hypertensive patients may develop left ventricular hypertrophy (LVH) as targetorgan damage. The ST-T configuration seen in the ECG of patients with LVH has a typical pattern of ST depression and asymmetrical T wave inversion (left ventricular strain pattern) (18) . The cause of ST segment depression in hypertensive patients is usually a secondary disturbance of the repolarization processes related to LVH development. During anesthesia, ST segment changes may be related to LVH. However, none of our patients exhibited significant clinical or electrocardiographic symptoms of LVH. RPP is the product of systolic blood pressure and the heart rate and normally is less than 12000; a RPP exceeding 20000 is commonly associated with myocardial ischemia and angina (2, 19) . An increase in blood pressure without a change in heart rate may be better for myocardial oxygenation than an increase in heart rate along with an increase in blood pressure (20) . Kanaide et al. (21) compared the hemodynamic responses, including the RPP and ST-segment changes, to intubation using a lightwand device and a laryngoscope in elderly hypertensive patients. They observed no significant difference in the RPP and ST-segment changes between the two techniques. Their mean RPP values were less than 15000 following intubation in both groups. They concluded that the major cause of hemodynamic responses to tracheal intubation by the different techniques was direct stimulation of the trachea by the tube. Our results demonstrate that the RPP increases following intubation compared with baseline values in both groups due to increased SBP levels rather than increased HR values. However, increases in the RPP were higher at 1 and 2 min following intubation in the ILMA group than in the CL group. Fortunately, RPPs exceeding 16000 were not observed in any of the patients. The differences observed in the RPP were primarily due to higher arterial pressures in the patients intubated using an ILMA. In contrast, heart rates were not affected by the intubation technique. This situation may be due to preoperative betablocker or calcium channel blocker treatment. Therefore, we recommend continuing beta-blocker treatment for hypertensive patients during the perioperative period.
Responses to intubation in hypertensive patients
We observed no differences in pharyngolaryngeal complaints or intraoperative airway complications between the groups. It has been noted that the use of manometry following insertion of an LMA reduces pharyngolaryngeal complications by 70% (22) . Thus, the LMA cuff pressure should be routinely measured using manometry and by deflating the intracuff pressure to less than 44 mmHg or 60 cm H 2 O. Pharyngeal mucosal pressures are generally higher for the ILMA compared with the LMA over the range of cuff volumes (0-40 ml) and are always greater than 157 cm H 2 O in the distal oropharynx where the curved metal tube is pressed into the posterior oropharyngeal wall. This is much higher than the perfusion pressure of the posterior pharyngeal wall, which is between 34 and 80 cm H 2 O (23). An intracuff ILMA pressure that is higher than the recommended limits may be attributed to excessive hemodynamic responses due to oropharyngeal stimulation. There are some possible limitations of this study worth noting. First, we conducted our study on patients with normal airways. In difficult airways, longer intubation durations may lead to different results between CLs and ILMAs. ILMAs may be life-saving for difficult airway management. Therefore, our results may not be applicable to patients with difficult airways. Second, we were not able to use a double-blinded technique to collect hemodynamic parameters. However, the hemodynamic data were stored in the memory of the monitor and were verified by other anesthesiologists. Third, our patients could not perform routine treadmill tests or echocardiograms prior to the surgery. However, all of the patients had controlled hypertension, had no target-organ damage and had been evaluated by cardiologists in terms of coronary artery disease and LVH prior to the surgery. Fourth, our results are specific to the administered anesthetic agents and may not be applicable to other anesthesia regimes, such as the administration of large doses of opioids.
We found that intense and repeated oropharyngeal and tracheal stimulation using an ILMA induces greater pressor responses than does stimulation by CL in hypertensive patients. In conclusion, tracheal intubation with an ILMA does not attenuate the hemodynamic responses to intubation compared with CL in hypertensive patients. As ST changes and upper airway morbidity are similar between the two techniques, the rapid and safe CL technique may be preferable in hypertensive patients with normal airways. In addition, the adjuvant drug choice may be more important than the technique in this population in terms of controlling the hemodynamic responses associated with intubation.
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